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Abstract
We present an example of the application of the AHP decision-making approach to forest management, by use of 

MPC© 2.0 software. The example considered is that of a forest services company interested in buying a timber har-
vester. The company had preselected four different machines as possible alternatives, and established 11 different 
criteria involved in the decision, grouped into four categories (economic, environmental, social and technical). The 
decision-making process was undertaken using MPC© 2.0 software tools, which enable establishment of criteria on 
two levels, independent pairwise comparison of criteria (first phase) and of alternatives under each criterion (second 
phase), repetition of the decision-making process by the same or different users, graphical display of the results on the 
computer screen, and sensitivity analysis.
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Resumen
Aplicación forestal del método AHP de toma de decisiones mediante el software MPC©

En este trabajo se presenta un ejemplo de aplicación a la gestión forestal del método AHP de toma de decisiones 
mediante el software MPC© 2.0. Se considera el ejemplo de una empresa de servicios forestales interesada en adquirir 
una procesadora para la corta de madera, habiendo preseleccionado cuatro diferentes máquinas como posibles alter-
nativas, y estableciendo 11 diferentes criterios implicados en la decisión, agrupados a su vez en cuatro categorías: 
económicos, ambientales, sociales y técnicos. Se presentan con el ejemplo las utilidades del programa MPC© 2.0, 
entre las que destacan la posibilidad de establecer un esquema de criterios en dos niveles, la realización independien-
te de la comparación por pares de criterios (primera fase) y de alternativas bajo cada criterio (segunda fase), la posi-
bilidad de incluir diferentes repeticiones de la decisión por un mismo o diferentes usuarios, un interface gráfico para 
la exposición de los resultados y el análisis de sensibilidad de los mismos.
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Introduction

Nowadays the use of complex decision-making tools 
is essential in forestry, as many criteria must be taken 
into account, including economic, social, environmen-
tal and technical factors. Such criteria should comprise 
the basis of any pilot study, project or forest manage-
ment decision for it to be considered as sustainable.

The difficult task of decision making is made even 
greater by the need to evaluate numerous criteria at the 
same time, together with different alternatives under 
the same aim (Altuzarra et al., 2000), and also taking 

into account the possible existence of different types of 
criteria (qualitative and quantitative) as well as the time 
and costs involved in the process (Tam et al., 2006).

The use of different techniques for multi-criteria 
analysis is justified in this context (Tam et al., 2006). 
A thorough review of different methods of multi-cri-
teria analysis and their application to the management 
of natural resources is provided by Mendoza and Mar-
tins (2006). One of the most widely used of these 
methods in diverse fields throughout the world is the 
Analytic Hierarchy Process (AHP), developed by Saaty 
(1980).
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The degree of consistency (CR or Consistency Ratio) 
in the pairwise comparisons (steps ii and iii) can be 
established mathematically, and according to Saaty 
(1990), Zeshui and Cuiping (1999) and Raharjo et al. 
(2001), if CR > 0.1 then results are inconsistent, and if 
CR ≤ 0.1 it will be consistent or logical.

MPC© software

Although there are numerous software programmes 
on the market that facilitate the application of the AHP, 
a relatively new programme, MPC© version 2.0 (Pérez-
Rodríguez and Rojo, 2010), was applied in the present 
study. This software was developed by the authors of 
the present study so that the cost of application was 
zero and control over the calculations was total, as in 
this case all elements of the software were accessible 
at all times, and could be adapted to the needs of the 
study.

MPC© 2.0 includes the following characteristics:
a) Automated AHP methodology, including the pos-

sibilities of dividing the criteria into two hierarchical 
levels, and independent comparison of each pair, which 
facilitates automation of the comparisons and focuses 
attention on the pair being compared.

b) Own database or capacity to create independent 
databases, which involved feedback of the weights 
under a temporal factor.

c) Possibility of participation of up to 40 users: 
facilitates comparison of the results obtained by sev-
eral users for the same decision.

d) The possibility of carrying out up to 100 repeti-
tions per user.

e) Simple user interface: easy to learn and apply so 
that decision makers can dedicate their time and effort 
to the pairwise comparisons, without distraction from 
other elements. To minimize the cognitive bias in the 
pairwise comparisons, several studies have been taken 
into account, such as those by Biederman and Cooper 
(1992), Chun and Cavanagh (1997), Treisman and 
Kanwisher (1998), Henderson and Hollingworth (2003) 
and Hollingworth (2007).

f) To use the software, the user simply selects an 
already created decision or introduces a new decision 
in a local programme database or in another independ-
ent database that can be created with the software. Once 
the decision has been loaded or created, the user can 
proceed to compare the criteria or the alternative levels 
of each criterion. Once the evaluations have been made, 

The AHP is largely based on pairwise comparison 
of the criteria in a decision tree, and of comparison of 
each of the alternative levels of each criterion, by use 
of an established scale (Saaty, 1990; 1996). The meth-
od has been evaluated in numerous studies, e.g. by 
Schoner and Wedley (2007), Carmone et al. (1997), 
Altuzarra et al. (2000) and Zanazzi (2003). The wide-
spread application of the AHP to decision making in 
diverse fields of knowledge throughout the world (see 
e.g., Oddershede et al., 2005) includes applications in 
forestry, e.g. by Gadow and Bredenkamp (1992), 
Schmoldt et al. (2001), Coulter et al. (2003), Kangas 
and Kangas (2005), Kangas et al. (2008), Kurtilla 
et al. (2000) and Pukkala and Kangas (1993, 1996).

The use of computer techniques is particularly im-
portant to facilitate practical application of the AHP, 
by automating the mathematical calculations involved. 
Although there are several software programmes avail-
able (e.g. Expert Choice 11.5, www.expertchoice.com), 
we present a new programme, denominated MPC© 

(Método de Pares de Comparación, in Spanish), which 
facilitates use of the AHP. We also describe an example 
of the practical application of version 2.0 of the pro-
gramme to a real forest management case.

The MPC© software programme, version 2.0, has 
been designed and developed to facilitate the decision-
making process in response to the need for a competi-
tive programme that can be used for automating 
analysis, calculation and storage of databases, with the 
aim of promoting research in this type of multi-criteria 
analysis, the associated sensitivity analysis and the 
specific application of these in forest management.

Methods

The AHP

The Analytic Hierarchy Process developed by Saaty 
(1980; 1990) briefly consists of the following steps: (i) 
Hierarchical representation or decomposition of a prob-
lem separated into three levels, with the objective in 
level 1, the criteria involved in the decision making 
(structured, or not, into different hierarchical levels) in 
level 2, and all of the possible alternatives in level 3. 
(ii) Estimation of priorities (weights) amongst criteria 
(level 2) using pairwise comparisons with the aid of a 
scale. (iii) Estimating the weights of the alternatives 
(level 3) for each criterion, also in pairs and using the 
same scale. And (iv) Selection of the best alternative.
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the user can access the graphical display of the weights. 
The user also has the option of adding repetitions that 
they think are useful, as well as adding other decision 
makers. The general results are obtained after all the 
evaluations of the criteria are made to interact with all the 
evaluations of the alternatives, or the repetitions  
that the user has selected. It is also possible to obtain 
the mean weights for the criteria.

g) Once the overall results are obtained, the user 
can carry out a sensitivity analysis, varying the weights 
obtained for the criteria, in accordance with the results 
reported by Triantaphyllou and Sánchez (1997) and by 
Wijnmalen and Wedley (2009), and can observe the 
variation produced in the graph of the overall results.

Application to an example concerning 
selection of forestry machinery

As a practical example of the application of the meth-
od, we have chosen a specific decision in a forestry con-
text. The case is that of a small-medium sized forestry 
management business that wishes to acquire a timber 
processing machine. Such machines are generally expen-
sive, so that the decision can be classified as complex 
because of the initial and posterior costs involved.

The objective of the decision making process was 
to evaluate all possible alternatives under certain cri-
teria, so that selection of the machine would be optimal 

and take into account relevant factors in addition to the 
initial cost of the item. In others words the decision 
would also take into account other costs, manageabil-
ity, contamination, safety, etc.

The set of criteria taken into account in selecting 
one type of machine or another in the example was as 
shown in Table 1, divided into two levels (with prin-
cipal criteria and other sub-criteria associated with 
these).

Furthermore, the alternatives proposed for a case 
such as this should be the alternatives that are available 
in the working area (to buy). The following four ma-
chines were considered in the example:

1) Sampo Rosenlew 1066 (distributed by Forestal 
Soft S.L., technical information available at www.
forestalsoft.com).

2) Komatsu Forest/ Valmet 911.3 (distributed by 
Hitraf S.L., technical information available at www.
hitraf.com).

3) Excavator + processing head (distributed by 
Forestal Soft S.L., technical information available at 
www.forestalsoft.com).

4) ) Adapted agricultural tractor + processing head 
(distributed by Hitraf S.L., www.hitraf.com).

Once the criteria and alternatives were established, 
the decision structure was loaded into the MPC© 2.0 
programme. An expert then carried out the pairwise 
comparisons of the criteria and then the pairwise com-
parison of the alternatives under each criterion. To 

Table 1. Weights and inconsistencies (in parenthesis) obtained in the pairwise comparison, in four repetitions of the criteria and 
subcriteria. Std dev: Standard deviation for the weights

Criteria
Repetitions

Std dev.
1 2 3 4

Economic 0.27 (0.092) 0.26 (0.106) 0.30 (0.108) 0.24 (0.069) 0.029
Initial cost 0.14 (0.014) 0.15 (0.056) 0.10 (0.105) 0.10 (0.105) 0.021
Maintenance costs 0.24 (0.014) 0.27 (0.056) 0.21 (0.105) 0.21 (0.105) 0.026
Consumption 0.62 (0.014) 0.61 (0.056) 0.68 (0.105) 0.69 (0.105) 0.031

Social 0.05 (0.092) 0.05 (0.106) 0.12 (0.108) 0.14 (0.069) 0.035
Contamination 0.14 (–) 0.17 (–) 0.25 (–) 0.25 (–) 0.056
Safety 0.86 (–) 0.83 (–) 0.75 (–) 0.75 (–) 0.056

Environmental 0.11 (0.092) 0.09 (0.106) 0.07 (0.108) 0.08 (0.069) 0.017
Mineral erosion 0.75 (–) 0.75 (–) 0.75 (–) 0.75 (–) 0.040
Effects on plant substrate 0.25 (–) 0.25 (–) 0.25 (–) 0.25 (–) 0.040

Technical 0.56 (0.092) 0.59 (0.106) 0.51 (0.108) 0.54 (0.069) 0.074
Yield 0.40 (0.156) 0.26 (0.271) 0.46 (0.106) 0.46 (0.106) 0.098
Manageability 0.19 (0.156) 0.36 (0.271) 0.17 (0.106) 0.17 (0.106) 0.092
Size 0.11 (0.156) 0.09 (0.271) 0.10 (0.106) 0.10 (0.106) 0.008
Mobility 0.30 (0.156) 0.30 (0.271) 0.27 (0.106) 0.27 (0.106) 0.086
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increase the accuracy of the results, the evaluation of 
the criteria was repeated four times and of the alterna-
tives, three times.

Results

The results obtained for the criteria weights and the 
inconsistencies in the pairwise comparisons are shown 
in Table 1. The values were determined by a single 
expert with a wide knowledge of forest machinery, in 
four repetitions.

For the decision maker, the main criterion was the 
technical criterion, although there were inconsistencies 
(values > 0.1) in the sub-criteria into which this crite-
rion was divided. However, the results obtained in this 
case were not highly dispersed, so that it can be as-
sumed that although inconsistent, the combination of 

results is homogeneous. With respect to the other cri-
teria, all were consistent, or very close to being so.

The comparisons for each criterion with respect to 
the alternatives, weights and inconsistency values ob-
tained in the three repetitions are shown in Table 2.

It can be seen, for example, that for the criterion 
Initial cost, the decision maker generally preferred the 
first alternative, the Sampo Rosenlew 1066 forest har-
vester, followed by the adapted agricultural tractor + 
processing head.

The result of the matrix calculation (i.e. multiplying 
the weights of the alternatives by the weights of the 
criteria) is the matrix of weights in each of the alterna-
tives (Table 3). This table includes the results provided 
by MPC© 2.0, i.e. the different possible combinations 
of the weights of the criteria and of the alternatives, 
obtained in the different repetitions, as well as the mean 

Table 2. Weights and inconsistencies (in parenthesis) of each of the four alternatives (machines) under each criterion in three 
repetitions

Criteria

Sampo Rosenlew 1066 Komatsu Valmet 911.3 Excavator + head Adapted agricultural 
tractor + head

Repetitions Repetitions Repetitions Repetitions

1ª 2ª 3ª 1ª 2ª 3ª 1ª 2ª 3ª 1ª 2ª 3ª

Economics
Initial cost 0.519

(0.015)
0.555

(0.015)
0.473

(0.052)
0.201

(0.015)
0.079

(0.015)
0.122

(0.052)
0.079

(0.015)
0.097

(0.015)
0.122

(0.052)
0.201

(0.015)
0.252

(0.015)
0.283

(0.052)
Maintenance 0.463

(0.106)
0.375

(0)
0.473

(0.052)
0.096

(0.106)
0.125

(0)
0.122

(0.052)
0.169

(0.106)
0.125

(0)
0.122

(0.052)
0.273

(0.106)
0.375

(0)
0.283

(0.052)
Consumption 0.439

(0.020)
0.543

(0.069)
0.365

(0.053)
0.124

(0.020)
0.076

(0.069)
0.099

(0.053)
0.124

(0.020)
0.136

(0.069)
0.172

(0.053)
0.313

(0.002)
0.245

(0.069)
0.365

(0.053)
Social

Contamination 0.473
(0.052)

0.365
(0.053)

0.375
(0)

0.122
(0.052)

0.099
(0.053)

0.125
(0)

0.122
(0.052)

0.172
(0.053)

0.125
(0)

0.283
(0.052)

0.365
(0.053)

0.375
(0)

Safety 0.081
(0.039)

0.067
(0.040)

0.097
(0.052)

0.418
(0.039)

0.426
(0.040)

0.384
(0.052)

0.283
(0.039)

0.372
(0.040)

0.291
(0.052)

0.217
(0.039)

0.134
(0.040)

0.228
(0.052)

Environmental
Mineral erosion 0.312

(0)
0.300

(0)
0.365

(0.053)
0.062

(0)
0.100

(0)
0.099

(0.053)
0.312

(0)
0.300

(0)
0.172

(0.053)
0.312

(0)
0.300

(0)
0.365

(0.053)
Effects on plant 
substrate 

0.300
(0)

0.300
(0)

0.300
(0)

0.100
(0)

0.100
(0)

0.100
(0)

0.300
(0)

0.300
(0)

0.300
(0)

0.300
(0)

0.300
(0)

0.300
(0)

Technical
Yield 0.097

(0.052)
0.099

(0.053)
0.099

(0.053)
0.291

(0.052)
0.365

(0.053)
0.365

(0.053)
0.384

(0.052)
0.365

(0.053)
0.365

(0.053)
0.228

(0.052)
0.172

(0.053)
0.172

(0.053)
Manageability 0.375

(0)
0.375

(0)
0.397

(0)
0.125

(0)
0.125

(0)
0.103

(0)
0.125

(0)
0.125

(0)
0.103

(0)
0.375

(0)
0.375

(0)
0.397

(0)
Size 0.375

(0)
0.375

(0)
0.375

(0)
0.125

(0)
0.125

(0)
0.125

(0)
0.125

(0)
0.125

(0)
0.125

(0)
0.375

(0)
0.375

(0)
0.375

(0)
Mobility 0.300

(0)
0.389

(0.015)
0.357

(0.039)
0.100

(0)
0.069

(0.015)
0.083

(0.039)
0.300

(0)
0.153

(0.015)
0.161

(0.039)
0.300

(0)
0.389

(0.015)
0.399

(0.039)
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values and standard deviations, which in this case in-
dicate the preference for alternative 4 (adapted agri-
cultural tractor + processing head), followed by alterna-
tive 1 (Sampo Rosenlew 1066 forest harvester).

As well as selecting the best alternative, the results 
of the final matrix calculation also help to hierarchize 
the criteria according to the relative degree of impor-
tance in the decision, as shown in Table 4. In this case, 
the most important criteria were technical, followed 
by economic.

The decision maker may or may not agree with the 
result obtained, and hierarchization of the criteria 
serves as a basis for a sensitivity analysis. With the 
MPC© 2.0 software, the decision maker can vary the 
weight of each of the criteria, adjusting them to (in their 
opinion) more appropriate values, and graphically 
observing (in real time) how the results vary with the 
change. The sensitivity analysis enables the decision 
maker to test whether the result obtained is consistent 
(i.e. if there is little variation in the results) or flexible 
(i.e. if the hierarchy varies greatly on modifying the 
weights of the criteria), which helps the decision maker 
to justify the decision taken, or to emphasize those 
criteria that may be critical to the decision.

An example of sensitivity analysis that can be car-
ried out with MPC© 2.0 software is shown in Figure 1, 
in which the weights originally obtained for each al-
ternative are compared with the weights obtained by 
increasing the weight of the economic criterion by 10%. 

In this case the initial differences between alternatives 
4 and 1 would be reduced, thus complicating the selec-
tion of one or the other. 

Conclusions and recomendations

The AHP is applicable to the field of forestry in 
which multiple criteria for different types of alterna-
tives often must be taken into account. It is therefore 

Table 3. Final results (weights) for the combination of the repetitions of evaluation of the criteria and the repetitions of the 
evaluation of the alternatives 

Combinations of weights for  
the criteria and for the alternatives Alternatives

Repetition Criteria Repetition 
Alternatives

Sampo Rosenlew 
1066

Komatsu Valmet 
911.3 Excavator + head Adapted  

tractor + head

1 1 0.27 0.23 0.17 0.31
1 2 0.28 0.21 0.17 0.33
1 3 0.30 0.20 0.17 0.32
2 1 0.30 0.18 0.16 0.33
2 2 0.27 0.21 0.16 0.31
2 3 0.32 0.23 0.16 0.35
3 1 0.29 0.19 0.20 0.34
3 2 0.26 0.21 0.19 0.32
3 3 0.29 0.24 0.19 0.29
4 1 0.27 0.22 0.20 0.31
4 2 0.27 0.23 0.20 0.30
4 3 0.29 0.21 0.20 0.30

Mean: 29% 21% 18% 32%
Standard deviation: 2.02% 1.83% 1.64% 1.96%

Tabla 4. Relative ranking of criteria

Criteria:  

Technical 55.00%
Economic 26.75%
Social  9.50%
Environmental  8.75%

Subcriteria  

Yield 21.73%
Consumption 17.39%
Mobility 15.68%
Manageability 12.24%
Safety  7.18%
Mineral erosion  6.56%
Maintenance costs  6.22%
Size  5.50%
Initial Cost  3.28%
Effects on plant substrate  2.19%
Contamination  1.82%
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possible to evaluate the weight or importance of the 
alternatives and the criteria in a more or less simple 
way, particularly when the criteria are difficult to quan-
tify mathematically, thus providing a much greater 
analytical capacity than a simple questionnaire.

However, the functioning of this method must be 
understood, as wrong application may lead to an er-
roneous decision. It is therefore essential to take into 
account the number of criteria so that the evaluation is 
as brief as possible, considering the importance of the 
criteria in previous evaluations and defining the number 
of participants and repetitions so that the result ob-
tained is as objective as possible. In addition, the en-
vironment where the evaluation is carried out should 
be controlled, as this will affect development of the 
process and the validity of the results.

The different computer programmes available are 
essential for applying the AHP, as the method involves 
multiple calculations and a large amount of data han-
dling. MPC© version 2.0 is a tool with a great analyti-
cal power, and includes all of the elements required for 
the user to reach the most appropriate decision in terms 
of the purposes and objectives of the decision. In ad-
dition, this software serves as an analytical tool for the 
study of this method, with the aim of incorporating new 
functions, particularly in terms of skewed judgements, 
or even in the search for relationships between criteria, 
between alternatives and between both of these to im-
prove the sensitivity analysis.

The results obtained in this example are derived 
from very few repetitions, as the objective of applying 
the method was to demonstrate and test the capacities 
of the software in a real case. Detailed analysis of the 
entire process, from the start until obtaining the final 
weights, allows separate recommendations of each of 
the various aspects involved, as below.

Number of repetitions analyzed

Successive repetitions of the same evaluation of criteria 
and alternatives are very useful, especially when the deci-
sion maker is not experienced in using the Saaty scale 
(Saaty, 1980). In general, and from the experience acquired 
in this and other applications, the inconsistency decreases 
gradually from the first evaluation, because the decision 
maker becomes better at adapting the scale to his/her 
opinion. Moreover, the behaviour of each criterion can be 
observed and recorded in successive repetitions, as the 
dispersion of the weights of each one can be analyzed. 
MPC© 2.0 uses databases, so that a decision may be 
evaluated successively by the same decision maker, so that 
each of the evaluations represents a repetition.

Number of decision makers participating  
in the decision

When faced with a complex decision, for added 
validity, a group of experts should participate in mak-
ing the decision, so that different points of view are 
taken into account in evaluating the decision under the 
same objective. In the example shown, the results ob-
tained were derived from the evaluations made by only 
one expert, so that it would be useful to extend the 
procedure to other experts to determine any common 
points, or on the other hand, any discrepancies. MPC© 
2.0 can include up to 40 decision makers for each deci-
sion, and these individuals can join the process at any 
time they choose.

However, when several people are involved in making 
a decision, each of the criteria under evaluation must be 
defined in detail, so that there are no errors in interpretation, 
which may results in differences in the weights obtained.

Figure 1. Example of sensitivity analysis. Result of increasing the weight of the economic criterion 
by 10%.

Sampo Valmet Excavator Tractor

40%

30%

20%

10%

0%

Original

Modified

Alternatives

Sensitivity analysis Economic criterion
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Control of the evaluation conditions

It is recommended that any factors affecting the deci-
sion maker should be taken into account, such as the 
time of starting and finishing the evaluation, the exist-
ence or otherwise of causes of distraction (telephone 
calls, noise, etc.), as well as the degree of stress, anxi-
ety, tiredness, boredom, amongst others. This informa-
tion will complement the results obtained, and can be 
used as the basis for establishing the reliability of a series 
of weights determined by a particular decision maker.

Number of criteria/alternatives

The AHP is very sensitive to the number of criteria and 
alternatives relative to the number of pairs that must be 
evaluated, and this is directly related to the time that the 
decision maker must invest in finishing a repetition. It has 
been found in some practical applications of this method 
that very long processes lead to loss of concentration by 
the decision maker, and therefore to high levels of incon-
sistency and notable dispersion of the weights. Therefore, 
in developing the latest version of the MPC© software, the 
stages of qualifying the criteria and alternatives have been 
separated, so that they can be carried out independently.

Rejecting criteria/alternatives  
from an already evaluated scheme

Once a set of criteria has been evaluated, a high 
degree of dispersion in the weights of one or more of 
the criteria may be observed, or the inconsistencies in 
successive repetitions may not decrease until becoming 
consistent. In such cases, MPC© 2.0 allows these cri-
teria to be omitted from the proposed set. Mathemati-
cally, this operation is carried out by setting the value 
of such criteria to zero and distributing the initial 
weights among the others. However, in some cases, 
this may not be appropriate as decision makers may 
vary their opinions in regard to a particular criterion, 
depending on what it is compared with, so that in such 
cases we recommend repeating the entire decision. We 
therefore recommend carrying out some initial quali-
fication tests to determine a useful set of criteria, as it 
would be impractical to handle criteria that display 
inconsistency. All of the above, regarding the possibil-
ity of omitting criteria from a decision that has already 
been evaluated, also applies to the alternatives.

Introducing criteria/alternatives  
in the structure already evaluated

Unlike in the previous case, introducing a new cri-
terion in a decision that has already been evaluated is 
very complicated because of the irreversibility of the 
pairwise comparisons. It may be feasible to include the 
new criterion in the non-normalized comparison matrix, 
although it would then be necessary to determine 
whether evaluation of the weights of the other criteria 
would vary proportionally on inclusion of another new 
criterion. Moreover, in terms of the software, as little 
information as possible should be stored in the data-
bases, to favour the rapidity of the process, so that 
saving the data in the comparison matrix is rather im-
practical. As in the previous case, we recommend car-
rying out an initial evaluation to determine whether the 
proposed criteria and alternatives are consistent with 
the decision in question.

Finally, the version 1.0 of the MPC© software can 
be downloaded free of charge from the following web-
site http://www.usc.es/uxfs/ of the “Unidade de Xestión 
Forestal Sostible” (UXFS) research group, University 
of Santiago de Compostela.
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